ABSTRACT: Soil tillage influences water erosion, and consequently, losses of calcium, magnesium and organic carbon in surface runoff. Nutrients and organic carbon are transported by surface runoff in particulate form, adsorbed to soil colloids or soluble in water, depending on the soil tillage system. This study was carried out on an Inceptisol, representative of the Santa Catarina highlands, southern Brazil, between November 1999 and October 2001, under natural rainfall. The soil tillage treatments (no replications) were: no-tillage (NT), minimum soil tillage with chiseling + disking (MT), and conventional soil tillage with plowing + two diskings (CT). The crop cycles sequence was soybean (Glycine max), oats (Avena sativa), beans (Phaseolus vulgaris) and vetch (Vicia sativa). Conventional soil tillage treatment with plowing + two disking in the absence of crops (BS) was also studied. Calcium and magnesium concentrations were determined in both water and sediments of the surface runoff, while organic carbon was measured only in sediments. Calcium and magnesium concentrations were greater in sediments than in surface runoff, while total losses of these elements were greater in surface runoff than in sediments. The greatest calcium and magnesium concentrations in surface runoff were obtained under CT, while in sediments the greatest concentration occurred under MT. Organic carbon concentration in sediments did not differ under the different soil tillage systems, and the greatest total loss was under CT system. Key words: runoff, sediment, nutrient in runoff, nutrient in sediments, nutrient losses
INTRODUCTION
No-tillage system is efficient in reducing soil losses caused by rainfall erosion, when compared to the conventional tillage (Cogo, 1981; Bertol, 1995) . However, these effects are generally lower on water, and chemical and organic elements losses (Schick et al., 2000; Bertol et al., 2003) .
The no-tillage system produces lower water and sediments losses by rainfall erosion than conventional tillage (Cogo, 1981; Bertol, 1995) , while runoff of conventional tillage usually concentrates less plant nutrients and organic carbon (Pote et al., 1996; Favaretto, 2002) . In the case of calcium and magnesium, their contents in runoff deriving from a no-tillage system are similar or lower than in runoff deriving from conventional tillage (Schick et al., 2000) .
The marked accumulation of mineral and organic nutrients in the superficial soil layer in no-tillage, in comparison to the conventional tillage (Eltz et al., 1989; Schick et al., 2000) , is responsible for high concentrations of some elements in runoff from no-tilled areas (Bertol et al., 2003) . Hernani et al. (1999) found greater calcium and magnesium concentrations in runoff water from no-tillage than from conventional tillage, while Schick et al. (2000) did not show a clear trend related to any of these two referred soil tillage systems. Bertol et al. (2003) also found greater calcium and magnesium concentrations in runoff water from a conventional tillage than from a no-tillage. On the other hand, finding higher calcium, magnesium and organic carbon concentrations in sediments than in water from erosion is a common trend (Hernani et al., 1999 : Schick et al., 2000 Bertol et al., 2003; Guadagnin, 2003) . Moreover, sometimes calcium and magnesium concentrations are higher in runoff sediments than in superficial soil layer (Stoltenberg & White, 1953) ; in other conditions an inverse behavior would be observed (Schick et al., 2000) .
The objective of this study was to determine concentrations and calculate total losses of calcium and magnesium in both surface runoff water and sediment, and organic carbon in surface runoff sediment only, on an Inceptisol under different soil tillage systems. (Bertol, 1994) . This experimental area has been used for studies of water erosion under natural rainfall since November 1988 .
MATERIAL AND METHODS
The experimental area consisted of plots with 22.1 m × 3.5 m, delimited in the upper and lateral extremities by galvanized sheets inserted 0.1 m into the soil, and in the lower extremity, by a runoff collector system (gutter). The gutter was connecting by a plastic tube to the first tank, distant 6 m from the plot. The first tank was connected to the second tank through a runoff divisor, "Geib" type, with nine windows.
The soil tillage systems were randomly distributed without replication, as follows: a) conventional soil tillage with plowing + two disking (CT); b) minimum soil tillage with chiseling + disking (MT); c) no-tillage (NT), with either, soybean, oats, bean, or vetch crops. A treatment of conventional soil tillage, with plowing + two disking without soil crop (BS), was also studied. The soil tillage was carried out longitudinally to the slope, according to the standard procedures for water erosion trials. In the BS treatment, the soil was permanently maintained bare and without surface crust through manual chiseling.
The (vetch) , no fertilizer was applied. In all crops, fertilizers were either broadcasted on the soil in no-tillage treatment, partially incorporated into the soil by minimum tillage, or completely incorporated by conventional soil tillage.
Sampling of surface runoff and measuring of soil and water losses followed methods proposed by Cogo (1978) . The measured soil losses in the field were adjusted for the slope of 0.09 m m -1 , considered the standard plot in the Universal Soil Loss Equation (USLE) (Wischmeier & Smith, 1978) .
Surface runoff samples produced by 51 erosive rain events were distributed as follows: 13 collected for the first crop, 17 for the second, 12 for the third, and 9 for the fourth crop. Selection of the surface runoff events for collecting samples was made as a function of the rainfall volume. The criterion for collecting surface runoff samples produced by each rainfall with volume higher than 20 mm was empirically adopted. Rainfall reached 1,936 mm during the experimental period, that was 73% of the total volume precipitated (2,639 mm), with the following relative distribution: 20% in the first crop, 36% in the second crop, 22% in the third crop, and 22% in the fourth crop.
After collection of surface runoff samples into the tanks for calculating soil and water losses (the results of soil and water losses, not presented here, can be seen in Bertol et al., 2004) , surface runoff suspension of each tank (treatment) was sampled, in 0.3-L glass recipients. Immediately after the collection and after the settling of the sediment in the glass, a sample of the solution was removed for analysis of calcium and magnesium contents, as recommended by Tedesco et al. (1995) . The remainder of the solution in the glass was stored in refrigerator (4ºC), for subsequent processing and chemical analysis of the other elements.
Samples of sediments collected in the surface runoff, produced by each erosive rain, were mixed together for each experimental plot and stored until the end of the plant growth cycle. In these samples, calcium, magnesium and organic carbon contents were determined, as recommended by Tedesco et al. (1995) .
The total losses of calcium and magnesium in the surface runoff water were calculated by multiplying the concentration of the elements in water by the total loss of water. Total losses of calcium, magnesium and organic carbon in sediments were calculated by multiplying the concentration of the elements in sediments by the total loss of sediments.
Samples of the 0-0.025 m soil layer were collected at the end of the each crop cycle for analysis of calcium, magnesium and organic carbon. The analytical procedures for calcium, magnesium and organic carbon were the same used for sediments of the surface runoff, previously described. Simple linear regressions were calculated between calcium, magnesium and organic carbon concentrations in surface runoff sediments and their contents in the 0-0.025 m soil layer.
RESULTS AND DISCUSSION
Calcium, magnesium and organic carbon concentrations in 0-0.025 m soil layer Calcium contents in the 0-0.025 m soil layer reached high levels in the cropped systems, were similar among the different soil tillage systems, and were slightly greater than those found in the control, bare soil (Table  1) . The magnesium concentration in this soil layer behaved similarly to calcium, with low contents, and correlated to the ordinary proportion of those two elements in the soil.
Calcium and magnesium concentrations in surface runoff water
Calcium and magnesium concentrations in surface runoff were relatively high in all treatments (Table  2) , corroborating date of Schick (1999) and Schick et al. (2000) . According to Dedecek et al. (1986) and Schick et al. (2000) , this happens especially in limed and regularly fertilized soils. Liming the soil before setting up the trial contributed to the high concentrations of those elements in soil (Table 1 ) and, consequently, the surface runoff collected.
Calcium and magnesium concentrations in surface runoff under minimum soil tillage were, respectively, 48% and 44% greater than in the no-tillage, while under conventional soil tillage differences were respectively of 63% and 58%, in the average of cropping cycles (Table   Table 1 -Calcium, magnesium and organic carbon concentrations in 0-0.025 m soil layer under different tillage systems along four crop cycles. 2). These results match those reported by Schick et al. (2000) . An important factor that may have influenced the low calcium and magnesium concentrations in surface runoff under no-tillage was the fact that these elements, especially calcium, can complex with organic matter, which has neutral charge and is soluble, be leached with water down in the soil profile, and thus be reduced in the surface runoff in that soil tillage system. This phenomenon is favored under no-tillage because of greater accumulation of organic matter, and consequently, organic carbon in this soil, in comparison to conventional soil tillage (Table 1) .
Calcium, magnesium and organic carbon concentrations in surface runoff sediments Calcium and magnesium concentrations in surface runoff sediments were high in all treatments (Table  3) , and greater than those usually found in surface runoff waters (Table 2 ). This is explained by the high contents of these elements in the limestone applied before setting up the experiment, and related to their concentrations in the superficial soil layer (Table 1) . Moreover, calcium and magnesium can be easily transported adsorbed to sediments suspended in surface runoff. Reported results agree with those of Bertol (1994) , Hernani et al. (1999) , and Schick et al. (2000) .
Calcium concentrations in surface runoff sediments were 27% and 10% lower in no-tillage than in minimum and conventional tillage systems, respectively (Table 3) , with similar behavior as for the presence of this element in surface runoff (Table 2) . Soil under minimum and conventional tillage systems was subjected to mechanical revolving, increasing decomposition of plant residues and lowering organic matter contents, with the consequent effect of decreasing cation exchange capacity of the soil solid phase. As a result, transport of calcium and magnesium in sediments of tilled soils was greater than in no-tillage system. Magnesium concentrations in surface runoff sediments were 42% lower under no-tillage than under minimum and conventional tillage systems also.
Organic carbon concentrations in surface runoff sediments were high in all treatments, bare soil included (Table 3) . For cropped soil treatments, this can be explained by the contribution of plant residues, which were maintained in the soil surface in no-tillage, and partly and completely incorporated into the soil in minimum and conventional tillage, respectively. Tillage periodically added organic materials into the soil, hence maintaining their organic carbon content. This observation agrees with those of Schick et al. (2000) , but differs from those of Owens et al. (2002) , who registered greater concentrations of organic carbon in erosion sediments from cultivated areas. Regarding bare soil treatment, the relatively high concentration of organic carbon in surface runoff sediments can be related to the relatively high amount of native organic carbon still present in the soil (Table 1) .
Organic carbon concentrations in surface runoff sediments were practically similar among soil cropping treatments (Table 3) , that is, soil tillage systems did not influence this variable during the studied period. This result disagrees with those reported by Schick et al. (2000) , who found higher concentrations of organic carbon under conservation soil tillage systems than in conventional soil tillage. However, Owens et al. (2002) found higher organic carbon concentrations in sediments from areas under conventional soil tillage than under conservation soil tillage systems. The organic carbon concentration in surface runoff sediments was on average 28% greater under tillage systems involving soil cropping (no-tillage, minimum tillage and conventional tillage) than for bare soil. This can be related to the organic carbon contents in the soil, since its concentration in the 0-0.025 m soil layer was 50% higher in these cropped soils than in bare soil (Table 1) . Cropping adds organic residues to soils with subsequent influence on soil carbon input.
Calcium and magnesium total losses in surface runoff water
Calcium and magnesium total losses in surface runoff were high (Table 4) , because these elements are relatively soluble in water and, due to their high contents Table 3 -Calcium, magnesium and organic carbon concentrations in runoff sediments under different soil tillage systems along four crop cycles.
in soil (Table 1) , which was limed and regularly fertilized. Total calcium losses were higher under conventional soil tillage with crop (CT) and in bare soil (BS), being, on average about 32% higher than the average for the conservation soil tillage systems (no-tillage and minimum tillage) (Table 4 ). This can be explained by the fact that the volume of water lost was substantially greater under conventional soil tillage systems (CT and BS), similarly to a parallel study on the same experimental area (Bertol et al., 2004) . High calcium concentration in surface runoff under conventional soil tillage with cultivation (CT) (NT and MT - Table 2 ) was also reported by Hernani et al. (1999) , Schick et al. (2000) and Cassol et al. (2002) . When no-tillage and conventional tillage systems were compared, calcium losses under no-tillage was equivalent to 32% of that from conventional tillage, showing that soil tillage effectively reduces Ca losses.
The quantities of magnesium lost in surface runoff were similar to those of calcium, and match results of Hernani et al. (1999) and Schick et al. (2000) . In notillage system, losses of magnesium in surface runoff water were 31% of those occurring under conventional tillage with cultivation (CT), possibly because the lower volume of water loss, since the concentrations of this element in surface runoff were similar in both treatments.
Calcium, magnesium and organic carbon total losses in surface runoff sediments
Calcium and magnesium total losses in surface runoff sediments (Table 5) were proportional to the amounts of soil lost, as measured by Bertol et al. (2004) in a study developed on the same experimental site, during the same period time. This is explained by the fact that those elements are found in high concentrations in soil (Table 3) and are less susceptible to leaching loss in water.
Calcium and magnesium total losses in surface runoff sediments were high under conventional tillage with crop (CT) and in bare soil (BS), being respectively 36 and 2 times greater than the mean of conservation soil tillage systems (NT and MT) ( Table 5 ). This was mainly due to the greater soil losses that happened under conventional tillage in relation to conservation soil tillage systems, since calcium and magnesium concentrations in surface runoff sediments under conventional tillage were, on average, only slightly lower than those under conservation soil tillage (Table 3) .
The total amount of organic carbon lost in surface runoff sediments were in general high (Table 5) , due to high contents of organic matter in this soil (Table 1) . Organic matter is one of the first particles of the soil removed by water erosion, because not only its high concentration in soil surface but also for its low density (Barrows & Kilmer, 1963) . Organic carbon was lost in high amounts in all treatments, but in higher amounts in soil without cultivation, as a result of the total soil losses (Bertol et al., 2004) . Protection of the soil surface by plants residue is one of the most effective conservation practices of agricultural soils, since no-tillage and minimum tillage with low mechanical mobilization is an effective method to reduce soil losses, hence decreasing organic carbon losses. In the no-tillage and minimum tillage systems, organic carbon contents in surface runoff sediments was reduced by 83% in average, in relation to conventional tillage.
Correlation between calcium, magnesium and organic carbon in soil and in sediment of the surface runoff Calcium and magnesium concentrations in sediments of the surface runoff did not correlate well with contents of these elements in the 0-0.025 m soil layer ( Figure  1, A and B) . This result differs from correlations obtained by Schick et al. (2000) , on the same experiment that found significant correlation. Therefore, in the case of these elements, it was not possible to predict the concentrations in surface runoff sediments, by knowing only their contents in the superficial soil layer. Factors that influenced calcium and magnesium concentrations in the superficial soil layer and in sediments of the surface runoff may have varied in different ways, without a clear tendency. Therefore, it can be recommended such correlations to be made over data collected over a long-term period of time.
In the case of organic carbon, its concentration in 0-0.025 m soil layer explained 58% of the concentration of surface runoff sediments (Figure 1, C) , agreeing with Schick et al. (2000) . In other words, as opposed to the concentrations of calcium and magnesium, organic carbon contents in superficial soil layer can be used to predict its concentration in surface runoff sediments, considering the significance of the correlation coefficient of the linear equation used to describe the relationship. Sediment OC, g kg -1
